A pseudo-automorphism of an association scheme is an automorphism of its adjacency algebra with respect to both ordinary and Hadamard multiplications. An association scheme is said to be of G-type if it admits a group G of pseudo-automorphisms acting regularly on the set of adjacency matrices that are not the identity matrix. It is shown that an association scheme of G-type is amorphous if G is an elementary abelian 2-group.
INTRODUCTION
Let .X= (X, {R;} 0 "";""d) be a commutative association scheme of class d and ~ the adjacency algebra of .X. An automorphism f of .X falls into three categories: (1) f permutes X and fixes each R;; (2) f permutes X and also permutes { R 0 , R 1 , ••• , Rd}; (3) f is not necessarily a permutation of X but an automorphism of ~ with respect to both ordinary and Hadamard multiplications. An automorphism of the third kind is called a pseudo-automorphism of .X. Let us denote the sets of automorphisms of the first, second and third kinds by Inn .X, Aut .X and Pseu .X, respectively. Then Inn .X is a normal subgroup of Aut .X and Out .X= Aut .X/Inn .X is a subgroup of Pseu .X.
A typical example of pseudo-automorphisms comes from Galois groups. Let K be the splitting field of .X and L the extension of the rationals by the Krein parameters qt (see [13] ). Then the Galois group Gal(K/L) acting on the set of the primitive idempotents of .X entrywise can be extended to automorphisms of ~. and hence Gal(K/ L) is isomorphic to a subgroup of Pseu .X.
A pseudo-automorphism permutes the adjacency matrices A; (0:,;;; i:,;;; d) and also the primitive idempotents E; (0:,;;; i :,;;; d). Hence there exist faithful permutation representations a, -r of Pseu .X into the symmetric group on the index set {0, 1, ... , d} such that A{ =A;o(f), E{=E;<(f) (1), (2) for f E Pseu .X. Cyclotomic schemes [6, p. 17 ] are examples of an association scheme which has a regular cyclic subgroup of pseudo-automorphisms. Baumert, Mills and Ward [3] determined exactly when a cyclotomic scheme is amorphous (or 'uniform' in their terminology). Compare the condition (iii) of Theorem 1.2 and that of Theorem 1(ii) in [3] (see, e.g., [5] for the connection between the eigenmatrix and Gaussian periods).
For a subgroup H of Pseu I, the set of a(H)-orbits {Ai} 0 ,.i,.e gives rise to a fusion scheme of I (see Lemma 2.2), where a is the permutation representation defined by (1) . From this fact, we see that if Pseu I has a regular subgroup G isomorphic to an elementary abelian 2-group, then I has a lot of fusion schemes. In fact, we can show the following:
MAIN THEOREM. If G is an elementary abelian 2-group, then any association scheme of G-type is amorphous.
The reader is refered to [2] for notations and general theory of association schemes. The notion and the terminology (in Russian) of 'amorphous' were introduced by Gol'fand and Klin in 1982. Fusion schemes are called cellular subrings [7] , subschemes [1] , or merging of classes [4] . In this paper, however, we use the terminology 'fusion scheme' after [9] to avoid any confusion with the different concept 'sub-association scheme' [ 
for all i, j E {0, 1, ... , d}, and a E G.
PROOF. Suppose a can be extended to a pseudo-automorphism of x.
Then we obtain (3). 
D
There is a simple but useful criterion in terms of P for a given partition {Aj}o""r"'e with Ao = {0} to give rise to a fusion scheme (due to Bannai [1] and Muzichuk [15] 
keA, keA;
for h E H. Therefore condition (ii) of the Bannai-Muzichuk criterion is also satisfied. where k;, A;, /l; are the usual parameters of the strongly regular graph r; (see [12] 
Since the principal part of the second eigenmatrix Q is PJ by Proposition 1.1(iv), the orthogonality relation PQ = nl is equivalent to 2: 1Ja = -1 and
, (7) aeG where n = 1 + kd = lXI. The column of T corresponding to the principal character has entries all 11Vd and so is an eigenvector of J belonging to the eigenvalue d. Other columns of T belong to the kernel of J. Therefore, applying (5) to diagonalize (7), we obtain l~aec 1Jal 2 = n-kd = 1 for the principal character 1c and
aeG where E(X) is some complex number of modulus 1.
Solving (6) and (8) for 17a by the orthogonality relation of characters, we obtain 17a=l~l (-1+Vn 2: e(x)x(a)).
x+1G (9)
A A Identifying G with G, we may regard an element of G as a function on G. Thus e, which is a function on(;-{1 0 }, can be written as
by (8) . By the orthogonality relation of the characters, we have 1=-L;a a+1 as a function on(;-{1 0 } and hence E can be written as
Clearly,
for any y e G. Also, if we define T(a) by T(a) 8 ,h = f> 8 ",h for an automorphism a of G, then we have Therefore the real part of (a -f3)y is zero and
Since a-f3 = y, n is even, whereas n = 1 + 4k. This is a contradiction. Next suppose G = Zi, m ~ 3. To any subgroup of order 2, there corresponds a fusion scheme. We claim that at least one of these fusion schemes is non-symmetric. Now, Suzuki's Lemma applied to the group G implies that either E or -e coincides with an irreducible character of G on G-{1a}. Thus, there exists an element a 0 E G such that for a E G. Therefore "' a (a E G) takes only two different values, and hence the association scheme is amorphous by Theorem 1.2. This completes the proof of the Main Theorem.
REMARK
It would be interesting to know whether an association scheme of G-type is amorphous if G is an elementary abelian p-group of composite order with p ;;;. 3.
In the above proof, we only used the following properties of P 0 :
(i) "' a (a E G) are algebraic integers;
(ii) the orthogonality relations (6) and (8) hold for P 0 • However, for the case in which G = Z 3 x Z 3 , these properties are not sufficient to show that P 0 is a linear combination of I and J. Indeed, there exists a matrix P 0 of Z 3 x Z 3 type in the sense of Proposition 1.1 which satisfies the orthogonality relations (6) and (8) and has entries that are all integral, but is not a linear combination of I and J. However, by the integrality of intersection numbers pt, such P 0 that we found cannot be realized by an association scheme.
